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SECTION VI 
DIAGRAMS 



6-1. INTRODUCTION. This section contains dia- 
grams and associated data for maintaining the instrument...;. 
Included are front and rear panel control, connector, and 
indicator layouts; schematic diagrams with voltages and 
waveforms, and circuit board layouts with grid chart com- 
ponent locators. 

6-2. ARRANGEMENT. 

a. Schematic Diagrams. Schematic diagrams are drawn to 
group circuit functions; therefore, any one diagram may in- 
clude portions of any number of circuit boards or assem- 
blies. To aid in tracing circuits from one diagram to an- 
other, each diagram is identified with a name and a number 
in a diamond shaped box. Circuits going from one diagram 
to another identify the destination component and desti- 
nation diagram number. 



b. Symbols and Reference Designators. 

(1 ) Electrical components shown on the diagrams are 
in the following units unless noted otherwise. 

Capacitors Values one or greater are in pico- 

farads (pF). 

Values less than one are in micro- 
farads (/iF). 

Resistors Ohms (^2). 

(2) Table 6-1 is a partial listing of prefix letters used 
as reference designators. These are used to identify com- 
ponents or assemblies on the diagrams. A complete listing 
is contained in MIL STD 16 and also in the ANSI standard. 



p 



Table 6-1. Reference Designators 




REFERENCE 




REFERENCE 




DESIGNATOR 


DESCRIPTION 


DESIGNATOR 


DESCRIPTION 


A 


Assembly, separable or repairable 


LR 


Inductor/resistor combination 




(circuit board, etc.) 






AT 


Attenuator, fixed or variable 


M 


Meter 


8 


Motor 


P 


Connector, movable portion 


8T 


Battery 


Q 


Transistor or silicone-controlled rectifier 


c 


Capacitor, fixed or variable 


R 


Resistor, fixed or variable 


C8 


Circuit breaker 


RT 


Thermistor 


CR 


Diode, signal or rectifier 


S 


Switch or contactor 


DL 


Delay line 


T 


Transformer 


DS 


indicating device (lamp) 


TC 


Thermocouple 


E 


Spark Gap, Ferrite bead 


TP 


Test point 


F 


Fuse 


U 


Assembly, inseparable or nonrepairable (in- 








tegrated circuit, etc.) 


FL 


Filter 


V 


Electron tube 


H 


Heat dissipating device (heat sink. 


VR 


Voltage regulator (zener diode, etc.) 




heat radiator, etc.) 


W 


Wirestrap or cable 


HR 


Heater 


Y 


Crystal 


HY 


Hybrid circuit 


Z 


Phase shifter 


J 


Connector, stationary portion 






K 


Relay 






L 


Inductor, fixed or variable 
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Maintenance Instructions — 465M 

(10) Very slightly adjust C2784 so the time marker 
aligns with the center vertical graticule line, 

INTERACTION NOTE 

C2784 andC2684 may interact: therefore, repeat this 
procedure until no further adjustment is needed. 



(4) Check the beginning and end of the .05 microse- 
cond sweep using step 19 in Table 5-1 and excluding the 
first and last 40 nanoseconds of the sweep. If necessary, 
slightly readjust C232 and C272 for one time marker per 
two divisions. 



(5) Disconnect the generator. 



(1 1) Set DEUVY TIME POS to 0.0. 



(12) Continue to the next procedure. 



t. 5 ns Timing (Figure 5-24). 

(1) Set controls as follows: 

HORIZ DISPLAY A 

A AND B TIME/DIV .05 /iS 

X10MAG In (on) 



(2) Set time mark generator for 10 nanosecond time 
markers. 



u. X Gain (Figure 5-22). 

(1) Set controls as follows: 



CH 1 VOLTS/DIV 5 m 

VERT MODE CH 2 

A AND B TIME/DIV X-Y 

XI O MAG Out (off) 



(2) Connect a calibration generator STD AMPL OUT- 
(3) Adjust C232 and C272 for one time marker per two PUT to the CH 1 Input through a 50 ohm BNC cable. Set the 

divisions. generator for a 50 millivolt output. 



r 




i 

I 




INTERACTION NOTE (3) Adjust X GAIN, R2916for a 10-division (horizontal) 

display. 

The adjustment screws for C232 and C272 should be 
adjusted to about the same height; otherwise 

horizontal linearity may be degraded. (4) Disconnect the generator. 



j: 
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R2682 R2782 R2748 






TOP OF 
INSTRUMENT 



RIGHT SIDE VIEW 




A AND B 
TIME/DIV 
SWITCH 



REAR OF 
INSTRUMENT 



Figure 5*23. Sweep adjustment locations. 



- (2^ Set time mark generator for one mHlisecond time 
markers. 



(3) Adjust C2784 for one time marker per division. 



(3) Set horizontal POSITION to align the first time 
marker with the left graticule line. 



(4) Adjust R2782 for one time marker per division. 



(4) Set HORIZ DISPLAY to 8 DLY'D. 



(5) Set 0€U\Y TIM E POS to 1 .00, then rotate it toward 
0.0 until there is one time marker per division and a time 
marker is aligned with the left vertical graticule line. 



(5) Continue to the next procedure. 



(6) Adjust C2684 for one time marker per division. 



s. .5 /iS Timing (Figure 5-23). 

(1) Set A TIME/DIV to .5 fjs and HORIZ DISPLAY 



(7) Set B TIME/DIV to .05 and DELAY TIME POS to 



(8) Adjust horizontal POSITION and align the time 
marker with the center vertical graticule line. 






(2) Set time mark generator for 0.5 microsecond time 
markers. 



(9) Set DELAY TIME POS to 9.00. 
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Maintenance Instructions — 465M 

INTERACTION NOTE 

R2782 and R2748 may interact with each other; 
therefore, repeat steps (8) through (11) until no 
further adjustment is needed. 



(12) Set DELAY TIME POS to 0.0. 



(13) Continue to the next procedure. 

p. Horizontal Gain (Figure 5-22). 

(1) Set HORIZ DISPLAY to A. 



(2) Adjust X1 GAIN, R2923 until the 1st and 1 1th time 
markers are exactly aligned with a graticule line. There 
should be one time marker per division within 0.25 minor 
divisions. 



q. Magnifier Registration (Figure 5-22). 
(1)Set XI 0 MAG to In (on). 



(2) Adjust horizontal POSITION until the sweep starts 
at the center vertical graticule line. 



(3) Set X10 MAG to Out (off). 



(4) Adjust MAG REG, R2932 until the sweep starts at 
the center vertical graticule line. 

INTERACTION NOTE 

R2932 and horizontal POSITION may interact: 
therefore, repeat steps (1) through (4) until no further 
adjustment of R2932 is needed. 
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(3) Set XI 0 Mag to In (on). 



(5) Continue to the next procedure. 



(4) Set time mark generator for . 1 ms time markers. 

r. B Sweep Timing (Figure 5-23). 

(5) Adjust X10 GAIN, R2925 for onetime marker per controls as follows: 

division. 

X10MAG Out (off) 

A AND B TIME/DIV 1 ms 

(6) Continue to the next procedure. HORIZ DISPLAY B DLY'D 



HORIZONTAL MODULE CHASSIS 




2237-65 



Figure 5-22. Trigger and horizontal adjustment locations. 
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Figure 5-21. External trigger centering setup. 



(9) Set B COUPLING to DC. 



(4) Adjust R2782 so the second time marker is 
intensified. 



{ 1 0) Adjust B TRIGGER LEVEL CENTERING, R261 5 for 
a stable display. 



(5) Set DELAY TIME POS to 9.00. 






INTERACTION NOTE 

B LEVEL and R261 5 may interact with each other; 
therefore, repeat steps (2) through (5} until no further 
adjustment of R26 1 5 is needed. 



(6) Adjust R2748 so the tenth time marker is inten- 
sified. 



INTERACTION NOTE 



(11) Disconnect the sine wave generator. 



o. Sweep Start-Stop (Figure 5-23). 
(1) Set controls as follows: 



VERT MODE 
CH 1 VOLTS/DIV 
ATIME/DIV 
B TIME/DIV 
HORIZ DISPLAY 
A SOURCE 
B SOURCE 

COUPLING 



CH 1 
.5 

1 ms 
5 ps 

A INTEN 
NORM 

STARTS AFTER 
DELAY 
AC 



R2782 and R2748 may interact with each other; 
therefore, repeat steps (3) through (6) until no further 
adjustment is needed. 



(7) Set HORIZ DISPLAY to 6 DLY'D and horizontally 
position the start of sweep within the graticule area. 



(8) Set DELAY TIME POS to 1.00. 



(9) Very slightly adjust R2782 until the time marker 
starts at the beginning of the sweep. 




(2) Connect a time mark generator to the CH 1 input 
through a 50 ohm BNC cable and 50 ohm termination. Set 
the generator for 1 millisecond time markers. 



(3) Set DELAY TIME POS to 1.00. 



(10) Set DELAY TIME POS to 9.00. 



(1 1) Very slightly adjust R2748 until the time marker 
starts at the beginning of the sweep. 
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NOTE o 

When making the next adjustment set CM 2 
VOL TS/DtV to .1 for a 0.2 division signal and. 2 for a 
0. 1 division signal. 



(6) Adjust R2245 and A LEVEL so a stable display is 
obtained with a 0.2-division display, but not with a 0,1- ' 
division display. 



NOTE 

If R2245 is set too sensitive, double triggering may 
occur at low frequencies. To desensitize R2245, 
adjust A LEVEL until the display just double triggers. 
Then slightly readjust R2245 until the double trigger- 
ing disappears. 



(7) Set CH 2 VOLTS/DIV to 5 m and A AND B 
TIME/DIV to 5 ps. 



(8) Repeat step (4) above. 



(9) Set CH 2 VOLTS/DIV to 20 m and adjust A LEVEL 
for a stable display. 



(10) Set controls as follows: 



VERT MODE 


CH 1 


HORIZ MODE 


B DLY'D 


8 SOURCE 


CH 1 


B LEVEL 


0 


A AND B TIME/DIV 


5 /iS 



(11) Set R2185 to midrange. 



(12) Adjust R2183 so trace starts at the same point 
when switching 8 SLOPE between — (in) and + (out). 



( 1 3) Set CH 1 VOLTS/DI V to . 1 , A AND B TIM E/DI V to 
50 fjs, and 8 SLOPE to H- (out). 



NOTE 

When making the next adjustment set CH 1 
VOL TS/OIVto .1 fora 0. 2’division display and. 2 for a 
0. 1 -division display. 



(14) Adjust R2185 and B LEVEL so a stable display is 
obtained with a 0.2-division display, but not with a 0.1- 
division display. 

NOTE 

If R21 85 is set too sensitive, double triggering may 
occur at low frequencies. To desensitize R2185, 

\ adjust 8 LEVEL until the display just double triggers, 
then slightly readjust R2 1 85 anti! the double trigger- 
ing disappears. 

( 1 5) Set CH 1 VOLTS/DIV to 5 m and A AND B 
TIME/DIV to 5^. 



(16) Repeat step (12) above. 



(17) Disconnect the generator. 



n. External Trigger Centering (Figures 5-21 and 5-22). 
(1) Set controls as follows: 



CH 2 VOLTS/DIV 


5 m 


VERT MODE 


CH 2 


HORIZ DISPLAY 


A 


A AND B TIME/DIV 


5 ps 


A SOURCE 


EXT 


B SOURCE 


EXT 



(2) Set A COUPLING to AC 



(3) Adjust A LEVEL for a stable display. 

(4) Set A COUPLING to DC. 



(5) Adjust A TRIGGER LEVEL CENTERING, R271 5 for 
a stable display. 

INTERACTION NOTE 

A LEVEL and R2715 may interact with each other: 
therefore, repeat steps (2) through (5) until no further 
adjustment of R 27 15 is needed. 

(6) Set HORIZ DISPLAY to B DLY'D 



(7) Set 8 COUPLING to AC. 



(8) Adjust 8 LEVEL for a stable display. 



5-52 



REV A AUG 1980 



Maintenance instructions — 465M 



(20) Move the generator output from CH 2inputtoCH 
1 input. 



(21) Set CH 1 VOLTS/DIVto5mandVERTMODEto 



(22) Adjust CH 1 vertical POSITION so top of 
waveform is on the center horizontal graticule line. 



m. Trigger Hysteresis and Slope Centering (Figure 
S-20). 

(1) Set controls as follows: 

VOLTS/DIV 5 m 

A AND B TIME/DIV 5 jjs 

X10 MAG Out (off) 

VERT MODE CH 2 

A LEVEL 0 

A SOURCE CH 2 



(23) Adjust C41 73, R41 73, C41 74, and R41 74 for the 
best transient response of the waveform. Total aberrations 
should not exceed ±3% or 3% peak-to-peak(+0.1 5 division, 
—0.15 division, or 0.15 division peak-to-peak). 



(2) Connect a sine wave generator to CH 1 and CH 2 
through a 50 ohm 8NC cable, 50ohmtermination, anddual 
i nput coupler. Set the output for 50 kilohertz and adj ust for a 
4-division display. 



(3) Set R2245 at midrange. 



INTERACTION NOTE 

If CH 1 response cannot be adjusted within re- 
quirements, very slightly touch up the adjustment in 
step 112} above. Then recheck the CH 2 response and 
rise time of both channels. 



(4) Adjust R2249 so trace starts at the same point 
when switching A SLOPE between — (in)and -h (out). 



(5) Set CH 2 VOLTS/DIV to . 1 , A AND B TIM E/DI V to 
50 /US, and A SLOPE to 4- (out). 



(24) Set CH 1 VOLTS/DIV to 20 m and TIME/DIV to 



TOP OF 
INSTRUMENT 



(25) Adjust R41 67 for the best front corner of the 
waveform. 



(25.1) Set CH 1 VOLTS/DIV to 50 m. 



(25.2) Adjust generator for a 5-division display. 



(25.3) Adjust R4108 for the best flat top on the front 
corner of the waveform. 
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(26) Set CH 1 VOLTS/DIV to .5. 



(27) Remove the 1 0X attenuator from the CH 1 inout. 



(28) Adjust R4106 for the best front corner of the 
waveform. 



TRIGGER BOARD 
RIGHT SIDE 

REAR OF — 
INSTRUMENT “ 



(29) Disconnect the generator. 



Figure 5-20. Trigger hysteresis and slope centering adjustment locations. 
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(3) Set the generator output level for a 5-division 
display. During adjustments, reset the generator output as 
necessary to maintain a 5-division display. 

NOTE 

Use a low capacitance tuning too! when making 
compensation adjustments. 



(4) Adjust C4101 for the best flat top waveform. 



(5) Set CH 1 VOLTS/DIV to 50 m and readjust the 
generator for a 5-division display. 



(6) Adjust C4108 for the best flat top, and C4107 for 
the best front corner on the waveform. Alternately readjust 
both capacitors for the best overall waveform response. 



(7) Set CH 1 VOLTS/DIV to .5, remove the 10X 
attenuator, and readjust the generator for a 5-division 
display. 



(8) Adjust C4105 for the best flat top, and C4104 for 
the best front corner on the waveform. Alternately readjust 
both capacitors for the best overall waveform response. 

(9) Continue to the next procedure. 

I. High-Frequency Conpensatton (Figure 5-19). 

(1) Move the output of the square wave generator to 
its positive going, FAST RISE OUTPUT. 



(2) Set CH 2 VOLTS/DIV to 5 m and VERT MODE to 

CH 2. 



(3) Disconnect the square wave generator output 
from the CH 1 input, remove the input RC normalizer, install 
the 10X attenuator between the BNC cable and termina- 
tion, and connect the generator output to CH 2. Set the 
generator output to 1 kilohertz and adjust for a 5-division 
display. During adjustments, maintain a 5-division display. 



(7) Adj ust C4405 for the best flat top on the waveform. 

(8) SetTIME/DIVto.1 pcs. 



(9) Set generator for 1 00 kilohertz and adjust for a 5- 
division display. 

(10) Push in XI 0 MAG (on), 

(11) Adjust CH 2 vertical POSITION so top of 
waveform is on the center horizontal graticule line, 

(12) Adjust C4271, R4410, C4410, C4342, C4412, 
C4447, and R4447 for the best front corner of the 
waveform. Total aberrations should not exceed ±3% or 3% 
peak-to-peak (+0.15 division, —0.15 division, or 0.15 
division peak-to-peak). 

( 1 3) Set CH 2 VOLTS/DIV to 20 m. 

(14) Adjust generator for a 5-division display. 

(15) Adjust R4267 for the best front corner of the 
waveform. 



( 1 5. 1 ) Set CH 2 VOLTS/DIV to 50 m. 



(15.2) Adjust generator for a 5-division display. 



( 1 5.3) Adjust R4208 for the best flat top on the front 
corner of the waveform. 



(16) Set CH 2 VOLTS/DIV to .5. 



(17) Remove the 10X attenautor from the generator 
input to CH 2. 




(4)AdjustR4406forthebestflattoponthewaveform. Adjust R4206 for the best front corner of the 

waveform. 



(5) Set TIM E/DI V to 10 ps. 

(6) Set generator to 10 kilohertz and adjust for a 5- 
division display. 

5-50 



(19) Reinstall the 10X attenuator in the CH 2 input. 
Set VOLTS/OIVto 5 m and TIME/DIVto0.5/us. Adjustfor a 
5-division display. Check rise time, !f it is greater than 3.5 
nanoseconds repeat steps (2) through (18). 
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a 



R4167 
THROUGH 
HOLE IN TOP OF 
SHI1ELD 




C4101 



R4106 

R4134 

R4173 

R4234 



C4201 



2237-62A 



! 



Figure 5-19. Vertical adjustment locations. 



j. Channel 2 Low Frequency Compensation (Figure 
5-19). 

(1) Set square wave generator (same as calibration 
generator, if using PG 506) for a 1 kilohertz, HIGH AMPL 
OUTPUT. 



(2) Disconnect the square wave generator output 
from CH 2 and reconnect it to CH 2 through a 10X 
attenuator, 50 ohm termination, and an input RC nor- 
malizer. Set the generator for a 5-division display. During 
adjustment, set the generator output as necessary to 
maintain a 5-division display. 



NOTE 

Use a low capacitance tuning too! when making 
compensation adjustments. 



(3) Adjust C4201 for the best flat top waveform. 

) (4) Set CH 2 VOLTS/DIV to 50 m and reset the 

— 



(5) Adjust C4208 for the best flat top, and C4207 for 
the best front corner on the waveform. Alternately readjust 
both capacitors for the best overall waveform response. 

(6) Set CH 2 VOLTS/DIV to .5, remove the 10X 
anenuator, and reset the generator output level for a 5- 
division display. 

(7) Adjust C4205 for the best flat top, and C4204for 
the best front corner on the waveform. Alternately readjust 
both capacitors for the best overall waveform response. 



(8) Continue to the next procedure. 

k. Channel 1 Low Frequency Compensation (Figure 
5-19). 

(1) Set VERT MODE to CH 1. 



(2) Remove the square wave generator output from 
CH 2 input and reconnect it to CH 1 through a 50 ohm SNC 
cable, 1 0X attenuator, 50 ohm termination, and an input RC 
normaiizer. 
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(7) Set A AND 8 TIME/DIV, its" associated VAR 
control, and horizontal POSITION for exactly one time 
marker per division. 



(8) Adjust Y AXIS, R573 to align the center time 
marker with the center vertical graticule line. 



(4) Disconnect the voltmeter. 



(5) Remove the shorting jumper from TP376 and 
TP386. 




INTERACTION NOTE 

This adjustment may affect the TRACE ROTATION 
- adjustment. Position the display baseline to the 
center horizontal graticule line and recheck display 
alignment. If TRACE ROTATION needs readjust- 
ment alternate between it and the Y-AXIS adjust- 
ment until no further adjustment is needed. 



(9) Continue to the next procedure. 



f. Geometry (Figure 5-18). 

(1) Readjust TIME/DI WAR and horizontal POSITION 
for one time marker per division. 



h. Dc Balance (Figure 5-19). 

( 1 ) Set CH 1 and CH 2 VOLTS/DI Vto 5 m ( 1 X window) 
and A AND B TIME/DI V to .2 ms. 



(2) Adjust CH 1 vertical POSITION to vertically center 
the trace. 



{ 3) Adj ust R41 34 for no trace shift when switch! ng CH 
1 VOLTS/DIV between 5 m and 10 m. 



(4) Set VERT MODE to CH 2. 



(5) Adjust CH 2 vertical POSITION to vertically center 
the trace. 



(2) Adjust GEOM, R 572 for minimum bowing of time 
markers. 



(6) Adjust R4234for notrace shift when switching CH 
2 VOLTS/DIV between 5 m and 10 m. 




INTERACTION NOTE 



This adjustment may affect Y-Axis Alignment and 
TRACE ROTATION. Repeat Y-Axis Alignment TRACE 
RO TA Tl ON and G eom etr y adj ustm ents for optim um 
overall alignment 



i. Vertical Gain (Figure 5-19). 

(l)SetCH1 andCH2VOLTS/DIVto5 m (IX window) 
and VERT MODE to CH 1. 



(3) Reset TIM E/DI V VAR fully clockwise in its detent (2) Connect a calibration generator (select STD OUT- 

PUT) to CH 1 input through an unterminated 50 ohm BNC 
cable. Set the generator for a 20 millivolt output 

(4) Disconnect the time mark generator. 



(3) Adjust R4443 for a 4-division display. 



g. Calibrator (Figure 6-18). 

(1) Connect a digital voltmeter to the CALIBRATOR 
output. 



(4) Set VERT MODE to CH 2. 



(5) Move the calibration generator output from CH 1 
input to CH 2 input. 



(2) Connect a shorting jumper between TP376 and 

TP386 (a small alligator clip works nicely). (6) Adjust R4272 for a 4-division display. 

(3) Adjust CAL AM PL, R386fora 1.00 volt dc reading. (7) Continue to the next procedure. 
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F0-3(Rear) Figure 6-8. A8 HoriziJMai board cotnponeox locations.. ^ SE? 1990 
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Figure 6-10. A7 Trigger board (below SN B021600) component locations. 
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Refer to Waveform and Voltage Test Conditions. 
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Refer to Waveform and Voltage Test Conditions. 
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Refer to Waveform and Voltage Test Conditions. 
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Figure 6-13. A10 Timing Switch bd (B Sweep) component locations. 
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Figure 6-12. A9 Timing Switch bd (A Sweep) component 
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Refer to Waveform and Voltage Test Conditions. 
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